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BACKGROUND OF THE INVENTION 
The present invention relates to the fabrication of memory cell arrays and, more 
particularly, to the formation of a specialized bit line contact in the structure of a DRAM 
15 array. 

Conventional memory device arrays include word lines running generally in 
parallel along one direction and bit line pairs running generally in parallel along a 
perpendicular direction. The memory cell includes a charge storage structure 
connectedly a transistor to one of the bit line pairs. Each transistor is activated by a 

20 word line. A row of memory cells is selected upon activation of a word line. The state 
of each memory cell in the row is transferred to a bit line for sensing by sense 
amplifiers, each of which is connected to a pair of bit lines. The memory cell transfer 
transistors are formed in the substrate in a plurality of continuous active areas running 
generally in parallel to each other. To form a transistor in an active area, impurity doped 

25 regions are formed in the substrate along the length of each active area 24 to create the 
source and drain of the transistor. A word line forms the gate of the transistor. The 
transistor formed in the active area provides the pass gate that is controllable to 
electrically connect the charge storage structure to a bit line. Thus, for example, 
activation of a word line will cause stored charges to be transferred by corresponding 

30 transistors to bit lines. The bit lines are electrically connected to a node of the transistor 
by bit line contacts. 

Conventional bit line contacts are formed through a multi-step deposition and 
etch back process that increases the complexity of the overall array fabrication process. 
The process is further complicated because the upper surface of the bit line contact, 
35 i.e., the surface that serves as the conductive interface with the bit line, defines a V- 
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shaped profile. Accordingly, there is a need for a memory array fabrication scheme that 
presents a simplified bit line contact fabrication process. 



5 BRIEF SUMMARY OF THE INVENTION 

This need is met by the present invention wherein an improved bit line contact 
fabrication process is provided. In accordance with one embodiment of the present 
invention, a memory cell defined along first, second, and third orthogonal dimensions is 
provided. The first dimension is characterized by one-half of a bit line contact feature, 

10 one word line feature, one word line space feature, and one-half of a field poly line 

feature. The second dimension is characterized by two one-half field oxide features and 
one active area feature. The first and second dimensions define a 6F 2 memory cell. 
The bit line contact feature is characterized by a contact hole bounded by insulating 
side walls. The contact hole is filled with a conductively doped polysilicon plug defining 

15 a substantially convex upper plug surface profile. The storage node contact feature 

may also. comprise a conductively doped polysilicon plug defining a substantially convex 
upper plug surface profile. , 

The insulating side walls may comprise a first pair of opposing insulating side 
walls along the first dimension and a second pair of opposing insulating side walls along 

20 the second dimension. The first pair of opposing insulating side walls may comprise 
respective layers of insulating spacer material formed over a conductive line. The 
second pair of opposing insulating side walls may comprise respective layers of 
insulating material formed between respective contact holes. The contact hole may be 
filled with the polysilicon plug to an uppermost extent of the insulating side walls. 

25 In accordance with another embodiment of the present invention, a memory cell 

array is provided including a plurality of memory cells, each of the memory cells being 
defined along first, second, and third orthogonal dimensions. The first dimension is 
characterized by one-half of a bit line contact feature, one word line feature, one word 
line space feature, and one-half field poly line feature. The second dimension is 

30 characterized by two one-half field oxide features and one active area feature. The first 
and second dimensions define a 6F 2 memory cell. The bit line contact feature is 
characterized by a contact hole bounded by insulating side walls. The contact hole is 
filled with a conductively doped polysilicon plug defining a substantially convex upper 
plug surface profile. 
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In accordance with yet another embodiment of the present invention, a computer 
■ system is provided comprising a microprocessor in communication with a memory 
device including a memory cell array, the memory cell array including a plurality of 
memory cells, each of the memory cells being defined along first, second, and third 
5 orthogonal dimensions. The first dimension is characterized by one-half of a bit line 
contact feature, one word line feature, one word line space feature, and one-half field 
poly line feature. The second dimension is characterized by two one-half field oxide 
features and one active area feature. The first and second dimensions define a 6F 2 
memory cell. The bit line contact feature is characterized by a contact hole bounded by 

10 insulating side walls. The contact hole is filled with a conductively doped polysilicon 
plug defining a substantially convex upper plug surface profile. 

In accordance with yet another embodiment of the present invention, a memory 
cell is provided comprising an electrically conductive word line, an electrically 
conductive bit line, an electrical charge storage structure, a transistor structure, and a 

15 bit line contact. The charge storage structure is conductively coupled to the bit line via 
the transistor structure and the bit line contact. The transistor structure is conductively 
coupled to the word line. The bit line contact comprises a conductively doped 
polysilicon plug formed within a contact hole bounded by insulating side walls. The 
doped polysilicon plug defines a substantially convex upper plug surface profile in 

20 contact with the bit line. 

In accordance with yet another embodiment of the present invention, a memory 
cell array is provided comprising electrically conductive word lines and bit lines, an array 
of electrical charge storage structures, an array of transistor structures, an array of bit 
line contacts, and a plurality of sense amplifiers. Each of the charge storage structures 

25 is conductively coupled to one of the bit lines via a selected transistor structure and a 

selected bit line contact. Each of the transistor structures is conductively coupled to one 
of the word lines. Each of the bit lines are conductively coupled to one of the sense 
amplifiers. Each of the selected bit line contacts comprises a conductively doped 
polysilicon plug formed within a contact hole bounded by insulating side walls. Each of 

30 the doped polysilicon plugs define a substantially convex upper plug surface profile. 

In accordance with yet another embodiment of the present invention, a computer 
system is provided comprising a microprocessor in communication with a memory 
device including a memory cell array, the memory cell array including electrically 
conductive word lines and bit lines, an array of electrical charge storage structures, an 

35 array of transistor structures, an array of bit line contacts, and a plurality of sense 
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amplifiers. Each of the charge storage structures is conductively coupled to one of the 
bit lines via a selected transistor structure and a selected bit line contact. Each of the 
transistor structures is conductively coupled to one of the word lines. Each of the bit 
lines are conductively coupled to one of the sense amplifiers. Each of the selected bit 

5 line contacts comprises a conductively doped polysilicon plug formed within a contact 
hole bounded by insulating side walls. Each of the doped polysilicon plugs define a 
substantially convex upper plug surface profile. 

In accordance with yet another embodiment of the present invention a memory 
cell is provided. The memory cell is defined along first, second, and third orthogonal 

10 dimensions and comprises an electrically conductive word line, an electrically 

conductive bit line, an electrical charge storage structure, a transistor structure, and a 
bit line contact. The charge storage structure is conductively coupled to the bit line via 
the transistor structure and the bit line contact. The transistor structure is conductively 
coupled to the word line. The first dimension is characterized by one-half of a bit line 

15 contact feature, one word line feature, one word line space feature, and one-half of a 
field poly line feature. The second dimension is characterized by two one-half field 
oxide features and one active area feature. The first and second dimensions define a 
6F 2 memory cell. The bit line contact feature is characterized by a contact hole 
bounded by insulating side walls. The insulating side walls comprise a first pair of 

20 opposing insulating side walls along the first dimension and a second pair of opposing 
insulating side walls along the second dimension. The first pair of opposing insulating 
side walls comprise respective layers of insulating spacer material formed over a 
conductive line. The second pair of opposing insulating side walls comprise respective 
layers of insulating material formed between respective contact holes. The contact hole 

25 is filled to an uppermost extent of the insulating side walls with a conductively doped 

polysilicon plug defining a substantially convex upper plug surface profile in contact with 
the bit line. 

In accordance with yet another embodiment of the present invention, a method of 
manufacturing a memory cell defined along first, second, and third orthogonal 

30 dimensions is provided. The method comprises the steps of: forming, along the first 
dimension, one-half of a bit line contact feature, one word line feature, one word line 
space feature, and one-half of a field poly line feature; forming, along the second 
dimension, two one-half field oxide features and one active area feature such that the 
first and second dimensions define a 6F 2 memory cell; forming the bit line contact 

35 feature such that it is characterized by a contact hole bounded by insulating side walls; 
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and filling the contact hole with a conductively doped polysilicon plug such that the plug 
defines a substantially convex upper plug surface profile. The step of filling the contact 
hole is preferably executed through selective growth of doped polysilicon in the contact 
hole. 

5 In accordance with yet another embodiment of the present invention, a method of 

manufacturing a memory cell is provided. The memory cell comprises an electrically 
conductive word line, an electrically conductive bit line, an electrical charge storage 
structure, a transistor structure, and a bit line contact. The method comprises the steps 
of: forming the charge storage structure so as to be conductively coupled to the bit line 

10 via the transistor structure and the bit line contact; forming the transistor structure so as 
to be conductively coupled to the word line; forming the bit line contact by forming a 
conductively doped polysilicon plug within a contact hole bounded by insulating side 
walls; and forming the doped polysilicon plug so as to define a substantially convex 
upper plug surface profile in contact with the bit line. For the purposes of defining and 

15 describing the present invention, it is noted that a charge storage structure includes, 
among other things, a storage node contact structure and a capacitor structure. 

In accordance with additional embodiments of the present invention a memory 
cell and its method of manufacture, according to the present invention, also embodies 
storage node contacts formed from a conductively doped polysilicon plug defining a 

20 substantially convex upper plug surface profile. Accordingly, it is an object of the 
present invention to provide improved bit line and storage node contacts and an 
improved bit line and storage node contact fabrication process. Other objects of the 
present invention will be apparent in light of the description of the invention embodied 
herein. 

25 ' 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of the preferred embodiments of the present 
invention can be best understood when read in conjunction with the following drawings, 
30 where like structure is indicated with like reference numerals and in which: 

Fig. 1 is a schematic illustration of a memory cell array circuit according to the 
present invention; 

Fig. 2 is a schematic illustration of the physical layout of a memory cell array 
according to the present invention; 
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Fig. 3 is a cross sectional view of the physical layout of Fig. 2, taken along line 3- 
3 of Fig. 2; 



Fig. 4 is a cross sectional view of the physical layout of Fig. 2, taken along line 4- 
5 4 of Fig. 2; 

Fig. 5 is a cross sectional view of the physical layout of Fig. 2, taken along line 5- 
5 of Fig. 2; and 

Figs. 6 is a schematic illustration of an alternative physical layout of a memory 
cell array according to the present invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 is a schematic diagram of an exemplary memory array 20 in a memory 
device that includes word lines 26 running generally in parallel along one direction and 

15 bit line pairs 32 running generally in parallel along a perpendicular direction. A memory 
cell is represented schematically as a capacitor 8, and is connected by a transistor 9 to 
one of the bit line pairs 32. Each transistor 9 is activated by a word line 26 coupled to a 
word line driver 25. A row of memory cells 8 is selected upon activation of a word line 
26. The state of each memory cell 8 in the row is transferred to a bit line 32 for sensing- 

20 by sense amplifiers 35, each connected to a pair of bit lines 32. Respective cell plates 7 
are illustrated schematically. Typically, as will be appreciated by those practicing the 
present invention and familiar with memory array structure, the bit lines 32 are twisted in 
the array 20. 

Fig. 2 shows the layout of a portion of the memory array of a semiconductor 
25 memory device. In the illustrated embodiment the memory device is a dynamic random 
access memory or DRAM. Other types of memory devices include synchronous 
DRAMs, video RAMs, or other modified versions of the DRAM. The memory array 20 
includes a semiconductive substrate 22. As used in this document, a semiconductive 
substrate is defined to mean any construction comprising semiconductive material, 
30 including bulk semiconductive materials such as a semiconductive wafer, either alone or 
in assemblies comprising other materials thereon, and semiconductive material layers, 
either alone or in assemblies comprising other materials. The term substrate refers to 
any supporting structure, including the semiconductive substrates described above. 
The memory cell transfer transistors 9 are formed in the substrate 22 in a 
35 plurality of continuous active areas 24 running generally in parallel to each other. Each 
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active area 24 is defined between isolation regions 34 disposed relative to the substrate 
22 (see Fig. 3). To form a transistor in an active area, impurity doped regions are 



formed in the substrate along the length of each active area 24 to create the source and 
5 drain of the transistor. A word line 26 forms the gate of the transistor 9. 

The transistor 9 formed in the active area 24 provides the pass gate that is 
controllable to electrically connect a cell capacitor 102A, 102B, 102C, and 102D to a bit 
line 32 via a storage node contact 101A, 101B, 101C. 101D (see Fig. 2). Thus, for 
example, activation of a word line 26C will cause the stored charges from the capacitors 

10 102A and 102B to be transferred by corresponding transistors 9 to bit lines 32, which 

are electrically connected to a node (the source or drain) of the transistor by bit contacts 
100A, 100B, 100C, 100D. Although depicted as circles or squares in Fig. 2, the 
contacts 100, 101 can be of different shapes, and can take up the entire area of 
intersection between the bit lines 32 and the active area lines 24. 

15 For clarity, each illustrated continuous active area line 24. has been shown to 

extend to outside of the boundary of substrate 22 utilizing dashed lines. Each individual 
active area is designated separately as 24', 24", and 24'". To reduce the effective 
memory cell area while still maintaining ease of manufacture as discussed below, the 
continuous active areas 24\ 24", and 24'" are not straight or linear, but rather weave 

20 relative to the substrate within which they are formed such that bends are created in 
each active area line 24. The illustrated individual continuous active area lines extend 
generally horizontally across the page upon which Fig. 2 appears, but jog upwardly as 
depicted in Fig. 2 to form protruding portions 19. This jogging is repeated along the 
length of the active area line 24. 

25 Similarly, the bit lines 32, which are formed above the active area lines 24, also 

weave relative to the substrate 22 such that depressed portions 21 are formed in the bit 
lines. The bit lines 32 run generally along the same direction as the active areas 24, but 
the direction of the jog in the bit lines 32 is opposite to the jog of the active area lines 
24. the jogging of the bit lines and active area lines form slanted portions 17 and 15, 

30 respectively. The bit contacts 100 are formed at the intersections of the bit lines 32 and 
the active area lines 24. Since the bit lines 32 and active area lines 24 are slanted with 
respect to each other in the region of each intersection, formation of the contact hole in 
which the bit contact 100 is formed is made easier. This is because of the increase in 
width W of the contact hole as compared to the width if both the active area lines 24 and 

35 bit lines 32 are generally straight. This difference in contact hole width becomes more 
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important as the feature size of memory cells continues to decrease because contact 
holes with greater widths are generally more reliable. 



As depicted in Fig. 2, each of the bit lines 32 and active area lines 24 run 
5 generally along the X direction. The jogs in the bit lines and active area lines are 

formed at predetermined locations A-A, B-B, C-C, and D-D. At A-A, each active area 
line 24 bends upwards while each bit line 32 bends downwards. The angle of the bend 
can be set at, for example, about 18.5°, although other angles are also possible. In 
addition, the directions of the active area and bit lines jogs can be switched. As further 

10 shown in Fig. 2, at B-B, each of the active area and bit lines bend back in the opposite 
directions of the corresponding bends at A-A such that both the active area and bit lines 
run again generally along the X direction. At C-C the active area and bit lines bend 
again, also in the opposite directions from the corresponding bends at A-A. At D-D, the 
lines bend back again to run generally in the X direction. One advantage of weaving 

15 both the active area and bit lines in the array is that a smaller bend angle is required for 
the repeated jogs while still achieving the desired memory cell area reduction. 

A plurality of conductive lines 26, 28 are formed under the bit lines 32 and run 
generally perpendicularly to the active area 24 and bit lines 32. In the illustrated 
example, four of the conductive lines are word lines 26 and one of the conductive lines 

20 28 is grounded to provide isolation between storage nodes. A pair of conductive lines 
26A, 26B, 26C, 26D may be seen on either side of conductive line 28 (see Fig. 2). The 
active area lines 24 and conductive lines 26, 28 constitute or define an array over which 
a plurality of memory cells are formed. 

The area which is consumed by a single memory cell in accordance with this 

25 embodiment is illustrated by dashed outline 30. This memory cell area can be 

described with reference to its feature size F. The feature size is based on the width L 
of the electrically conductive lines in the array, and on the width S of the isolation space 
between the conductive lines. The sum of L and S is the minimum pitch of the memory 
cell. The feature size F is half the minimum pitch, or half the sum of L and S. As is 

30 illustrated in Fig. 2, the memory cell 30 comprises a single memory cell that is about 3F 
wide (one-half bit line contact feature, one word line feature, one word line space 
feature, and one-half field poly line feature) by about 2F high (two one-half field oxide 
features and one active area feature), thus providing a consumed area for a single 
memory cell of about 6F 2 . In one implementation, F is no greater than 0.25 micrometer, 

35 and preferably, no greater than 0.18 micrometer. However, other dimensions, either 
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larger or smaller, are also contemplated. It is noted that it is commonplace in the art of 
semiconductor fabrication to refer to a bit line and a digit line interchangeably. 



In one implementation, adjacent word lines 26 share an intervening bit contact 
5 100 of adjacent pairs of memory cells as will become apparent below. For example, as 
shown in Fig. 2, word lines 26C and 26D share bit contacts 100A and 100B. Electrical 
isolation between the adjacent pairs of memory cells is provided by intervening 
conductive line 28. Line 28, in operation, is connected with ground or a suitable 
negative voltage. Alternatively, the electrical isolation can be provided by field oxide. 

10 Cross-sectional views of the memory array 20 of Fig. 2 are shown in Figs. 3, 4, 

and 5, which are cross-sections taken along lines 3-3, 4-4, and 5-5, respectively. 
Referring to Figs. 2-5, the bit contacts 100 comprise an electrically conductive plug 46 
made of a conductively doped polysilicon and electrically connect the bit lines 32 to the 
underlying active areas 24. The storage node contacts 101 also comprise an 

15 electrically conductive plug 37 made of a conductively doped polysilicon. The bit 

contacts 100 are located in the space 104 between two adjacent word lines 26. The 
memory cell capacitors 102 are electrically contacted to the active areas 24 via the 
electrically conductive plugs 37. 

In Fig. 3, the active areas 24 are defined in the substrate 22. The electrically 

20 conductive plugs 46 are disposed above and in electrical contact with portions of the 
active areas 24. The bit lines 32 are conventional electrically conductive multilayer 
structures formed from conventional materials and typically comprise, for example, a 
conductive layer 50, a conductive barrier layer 52, and an insulator 54. The bit lines 32 
are disposed above and in electrical contact with the bit line contact plugs 46! A layer of 

25 insulating spacer material 58 is formed over the multilayer structures to electrically 
insulate exposed portions of the multilayer structures. 

Referring to Fig. 4, an enlarged view of the array taken generally along line 4-4 in 
Fig. 2 is shown. The bit line 32 overlies conductive lines 26, 28 and associated isolation 
oxide regions 34 and insulating regions 48. Bit line 32 can also be seen to be in 

30 electrical communication with the two illustrated plugs 46. The storage node plugs 37 
are also illustrated in Fig. 4. 

In Fig. 5, the cell capacitors 102 are illustrated. Each capacitor 102 is formed of 
a first capacitor plate 64, a dielectric layer 66, and a second capacitor plate 68. The first 
capacitor plate 64 of each cell is electrically contacted to the plug 46 for electrical 

35 connection to the active area 24. The cell capacitor structure is laid over the bit line 
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structure, which forms a cell-over-bit line (COB) array structure. An advantage the COB 
structure offers is that bit line contact openings need not be made in the second 



capacitor plate 68, which eliminates difficulties associated with aligning bit line contact 

5 openings in the second plate 68 to cell structures or word lines in the array and allows 
for maximization of the cell capacitor area, as is illustrated in Fig. 2 (see 102A, 102B, 
102C, 102D). The bit line structure is referred to as a buried bit line and corresponds to 
the bit line 32 in Fig. 2. 

Referring again to Fig. 2, the memory array structure of the present invention 

10 includes a plurality of memory cells 30. As is described above, each of the memory 

cells 30 comprises a 6F 2 memory cell defined along three orthogonal dimensions, two of 
which are indicated in Fig. 2 (see X, Y). As is illustrated in Figs. 3, 4, and 5, the bit line 
contact feature of the memory cell 30 is characterized by a contact hole bounded by 
insulating side walls. Specifically, the insulating side walls comprise a first pair of 

15 opposing insulating side walls 31 along the first dimension X and a second pair of 
opposing insulating side walls 36 along the second dimension Y. The first pair of 
opposing insulating side walls 31 comprise respective layers of insulating spacer 
material formed over the word lines 26. The second pair of opposing insulating side 
walls 36 comprise respective layers of insulating material formed between respective 

20 contact holes. The contact holes are filled with the conductively doped polysilicon plug 
46. The plug is formed so as to define a substantially convex upper plug surface profile 
in contact with the bit line 32. The upper plug surface profile is described herein as 
substantially convex because it is contemplated that the profile may vary from a 
uniformly pure convex profile. Specifically, the profile may include irregularities in the 

25 form of bumps or pits and may include portions that are not convex. For the purposes 
of defining and describing the present invention, it is noted that a "substantially convex" 
plug profile includes a portion within the interior of its periphery that extends beyond a 
plane defined by the periphery of the plug. It is further contemplated by the present 
invention that, in certain embodiments, it may be sufficient to form a plug profile that is 

30 substantially flat. Accordingly, for the purposes of defining and describing the present 
invention, it is noted that a "substantially convex" plug profile also includes any plug 
profile that is essentially flat or free of significant concavities. 

Preferably, the contact holes are filled with the conductively doped polysilicon 
plug 46 to an uppermost extent of the insulating side walls 36 in a selective doped 

35 polysilicon growth process. The storage node plugs 37 may be formed in a similar 
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manner. It is contemplated by the present invention that the contact holes may initially 
be partially filled via conventional deposition techniques and subsequently topped off via 



a selective doped polysilicon growth process according to the present invention. For 

5 example, a contact hole may initially be filled by depositing polysilicon in a conventional 
manner, etching back the deposited polysilicon, and subsequently executing a selective 
doped polysilicon growth process according to the present invention to yield the convex 
plug profile of the present invention. 

Advancement in deposition systems has enabled selective growth of polysilicon 

10 films. In selective growth, films are grown through holes in films of silicon dioxide, 

silicon nitride, oxynitride, or any insulator material that inhibits silicon growth. The wafer 
at issue is positioned in a reactor chamber and the film grows directly on the silicon 
exposed on the bottom of the hole. As the film grows, in the insulating side wall contact 
hole structure of the present invention, it assumes the substantially convex upper plug 

15 surface profile illustrated in Figs. 3-5. As will be appreciated by those practicing the 

present invention and familiar with the art of semiconductor device fabrication, a variety 
of polysilicon growth techniques may be utilized to form the substantially convex upper 
plug surface profile of the present invention. For example, according to one 
embodiment of the present invention, the polysilicon plug 46 may be grown by using a 

20 silicon source of silane or disilane at a temperature of about 500°C and a pressure of 
about 100-200 mT. The polycrystalline silicon may be n-type or p-type and may be 
doped with conventional n or p-type dopants, including arsenic, phosphorous, boron, 
indium, etc. 

In one embodiment, a "double deck" bit line architecture is used, which includes 
25 the buried bit line and a top deck bit line 32' formed above the buried bit lines 32 and the 
capacitors 102 (see Fig. 3). As shown in Fig. 3, an insulating layer 39 is formed 
between the top deck bit line 32' and the underlying structure. The top deck bit line 32' 
is generally formed of a metal, such as aluminum. The top deck bit lines 32' do not 
make contact with the memory array. Contact to the memory array transistors are 
30 made by the buried bit lines 32. 

By using the double deck bit line structure, the bit lines 32, 32' can be connected 
to the sense amplifiers 35 in a folded bit line configuration. Thus, by using the double 
deck bit lines, the 6F 2 memory cell described in this application can be used in a folded 
bit line memory configuration. One advantage of the folded bit line configuration is that 
35 it is less susceptible to charge coupling between bit lines. Because a bit line pair is 
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connected to each sense amplifier 35 on the same side of the sense amplifier, noise 
created by alpha particles will couple to both of the bit lines in the pair. As the sense 



amplifier 35 detects the difference in voltage between the pair of bit lines, errors due to 
5 such noise effects, commonly referred to as common mode rejection, are reduced. 

Referring to Fig. 6, an alternative embodiment of an array containing reduced 
size memory cells (e.g., 6F 2 cells) is shown. In this configuration, bit lines 200 are 
formed to weave relative to the substrate 20, while continuous active area lines 202 are 
generally straight. Bit contacts 206 are formed at the intersections between the bit lines 
10 200 and active area lines 202. In addition, memory cell capacitors 208 are formed over 
and are in electrical contact with portions of the active area lines 202 via storage node 
contacts 207. 

As illustrated, each bit line 200 runs generally in the X direction and jogs or 
protrudes upwardly in a repeated pattern. Each bit line 200 bends upwardly at A-A at 

15 an angle of about 45° with respect to the X axis. The bit line 200 then bends in the 
opposite direction at B-B so that it runs generally in the X direction. After a short run, 
the bit line 200 then bends downwardly at C-C. At D-D, the bit line 200 again bends 
back to run generally in the X direction. This pattern is repeated throughout the memory 
array. As indicated by the dashed outline 210, the feature size of the memory cell in 

20 this configuration is also about 6F 2 . Conductive lines 204, 205 run generally 

perpendicularly to the active areas 202. The conductive lines 204 form the word lines in 
the array while the lines 205 are grounded or driven to a negative voltage to provide 
electrical isolation between word lines 204. It is contemplated by the present invention 
that an additional alternative memory cell configuration may utilize straight bit lines and 

25 active area lines that weave relative to the bit lines. In this embodiment, continuous 
active areas would run generally in the X direction and have repeated downward jogs, 
creating weaving continuous active areas. Active areas may be defined by isolation 
regions relative to a substrate, which initially is on a flat surface of a wafer. Because of 
the flatness, the bends in the active areas do not create as many photolithographic 

30 difficulties as with bit lines, which generally run over relatively rough terrain since the bit 
lines make contact to the active area surface in some portions and are isolated from 
active areas where the cell capacitors are formed. 

Having described the invention in detail and by reference to preferred 
embodiments thereof, it will be apparent that modifications and variations are possible 
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without departing from the scope of the invention defined in the appended claims. For 
example, although much of the present invention is illustrated with reference to folded 
bit line structure, it is noted that the present invention is applicable to open bit line 
architecture as weff. 

What is claimed is: 
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ABSTRACT OF THE DISCLOSURE 
A memory cell having a bit line contact is provided. The memory cell may be a 
6F 2 memory cell. The bit line contact may have a contact hole bounded by insulating 
5 sidewalls, and the contact hole may be partially or completely filled with a doped 

polysilicon plug. The doped polysilicon plug may have an upper plug surface profile that 
is substantially free of concavities or substantially convex. Similarly, a storage node 
contact may comprise a doped polysilicon plug having an upper plug surface profile that 
is substantially free of concavities or that is substantially convex. Additionally, a . 

10 semiconductor device having a conductive contact comprising a polysilicon plug may is 
provided. The plug may contact a capacitor structure, is d e fin e d al ong f i rst, s e cond, 
a nd third orthogona l d i mens i ons and compris e s an e l ectr i ca ll y conduct i v e word line , a n 
el ectr i ca ll y conductiv e b i t li n e , an ele ctrica l charg e storag e structur e , a transistor 
s tructur e , and a b i t l in e contact. Th e charg e storag e structur e i s conduct i v el y coup l ed to 

15 th e bit li n e v i a th e transistor structur e and th o bit l in e contact. The trans i stor structur e is 
c o nductiv el y coupl e d to the w o rd l in e . Th e f i rst d i m e nsion is charact e r i z e d by on e- ha l f 
of a b i t l i n e contact f e ature, on e word li ne f e atur e , ono word li n e spac e f ea tur e , a nd on e- 
half of a f iel d po l y li n e f ea tur e . Th e s e cond d i m e ns i on is ch a ract e riz e d by two one ha l f 
• f ield o x i d e f e atur e s and on e activ e ar e a f ea tur e . Th e first a nd s e cond d i m e nsions 

20 d e f i n e a 6F 2 memo ry c ell. The b i t li n e contact f e atu re i s ch a r a ct e riz e d by a contact hol e 
bound e d by i nsu l ating s i d e wa ll s. The insu l ating s i d e w all s compr i se a f i rst pair of 
opposing insu l at i ng s i de w a l l s a l ong th e f i rst d i m e ns i on and a second pair of opposing 
insulating sid e w a lls along th e s e cond dim e nsion. Th e f i rst pair of opposing insulating 
s i d e wa l ls compris e resp e ctiv e lay e rs of insu l ating sp a c e r m a t e ria l formed ov e r a 

25 conductiv e li ne. Th e s e cond pa i r of oppos i ng i nsu la ting s i de walls compr i se resp e ct i v e 
l ay e rs of i nsu l at i ng m a t e r i a l form e d b e tw ee n r e sp e ct i v e contact hol e s. The contact ho l e 
is fi l l e d to an uppermost e xtent of th e i nsulat i ng s i d e wa ll s with a conduct i v el y dop e d 
po l ysi li con plug d e fining a substant i a l ly conv e x upp e r plug surfac e profi le i n contact with 
th e b i t l in e . Th o m e mory c oll may further compris e a storag e nod e charact e r i zed by a 

30 storag e nod e contact hole f i ll e d w i th a conduct i v e ly dop e d po l ys il icon p l ug d e f i ning a 
substant i a ll y conv e x upp e r plug surfac e profi l e. 
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